The systems V949 Cen, V358 Pup, and V1055 Sco are triples comprised of an eclipsing binary orbiting with a distant visual component on a much longer orbit. The first detailed photometric analysis of these interesting systems was performed using also the archival data from Hipparcos, ASAS, SuperWASP, OMC, and Pi Of The Sky surveys. The system V358 Pup was also analysed using the archival ESO spectra and the radial velocities were derived. The analyses of their light curves revealed the physical properties of the eclipsing components, while the interferometric data for these systems obtained during the last century show that the binaries are also weakly gravitationally bounded with the third components on much longer orbits. The photometry was carried out with the robotic telescope FRAM (part of the Pierre Auger Cosmic Ray Observatory), located in Argentina. The BVRI light curves were analysed with the PHOEBE program, yielding the basic physical parameters of the systems and their orbits. V949 Cen and V358 Pup were found to be detached systems, while V1055 Sco is probably a semi-detached one. V358 Pup shows a slow apsidal motion, while for V1055 Sco we detected some period variation probably due to the third body in the system, which cannot easily be attributed to the close visual companion. Therefore, we speculate that V1055 Sco can be a quadruple system. For V949 Cen a new orbit was computed, having the orbital period of about 855 yr.
Introduction
The eclipsing binaries as parts of the multiple stellar systems (i.e. of multiplicity three and higher) are excellent objects to be studied. The importance of such systems lies in the fact that one can study the stellar evolution in them, their origin, tidal interaction between the components, testing the influence of the distant companions to the close pair, a role of Kozai cycles, studying the dynamical effects and precession of the orbits, but also the statistics and relative frequency of such systems among the stars in our Galaxy (and outside), see e.g. Tokovinin (2007) , Guinan & Engle (2006 ), or Goodwin & Kroupa (2005 . On the other hand, there are still plenty of interesting multiple systems, which were not analysed yet.
Photometric observations
All of the new photometric observations were obtained in Argentina, using the FRAM telescope (Prouza et al. 2010) . It is located near the Malargüe town, about 1400 m above a sea level. The instrument used for observing V949 Cen and V358 Pup was a classical telescope of Schmidt-Cassegrain type, 0.3 m in diameter, equipped with a G2-1600 CCD camera. On the other hand, for V1055 Sco only a small Nikkor lens with 107 mm diameter and a CCD camera of G4-16000 type was used. Both instruments are equipped with standard Johnson BVRI filters, see Bessell (1990) . All frames have been reduced by differential aperture photometry using software package C-MuniPack * , the adaptation of the MuniPack code (Hroch 1998) , based on the DaoPhot routines (Stetson 1987) . The G2-1600 CCD camera sensor area is of 1536×1024 square pixels (pixel linear dimension is 9 µm), which leads to the field of view of 24 ′ ×16 ′ (0.93 arcsec/px), while the second CCD camera G4-16000 has the sensor area of 4094×4094 square pixels (pixel linear dimension is 9 µm), which leads to the field of view of 7 • ×7 • (6.19 arcsec/px). The radii of the apertures for our studied stars were 7.09 px for V1055 Sco, 7.09 px for V358 Pup, and 11.82 px for V949 Cen, respectively. The star HD 113916 was used as a comparison for V949 Cen, TYC 7636-2147-1 was used for V358 Pup, while HD 147704 was used for V1055 Sco.
The older archival data were taken from the publicly available databases such as Hipparcos, ASAS, SuperWASP, OMC, and Pi Of The Sky surveys. However, these photometric observations were used mainly for the derivation of the minima times for a subsequent period analysis. For the PHOEBE light curve fitting the individual filter passbands used were: V for ASAS, H p for Hipparcos, and H p also used for SuperWASP due to unavailable SuperWASP filter in PHOEBE and relative similarity of transmission curves of H p and SuperWASP filters.
Analysis
After the reduction of the photometric frames, the FRAM photometry was used for a subsequent analysis of the light curves. Program PHOEBE ver. 0.31 (Prša & Zwitter 2005) was used, which is based on a standard Wilson-Devinney code A. A. For the systems with no radial velocities, the individual masses of the components are not known. Hence, the mass ratio was kept fixed at a value of q = 1.0 for the detached systems (see below). The primary temperature was fixed at a value derived from the photometric indices, or according to the published spectral type. The albedo and gravity darkening coefficients were kept fixed. On the other hand, the value of the third light was also computed due to the fact that all of these systems are triple stars.
Individual systems
For our analysis, we have selected three interesting systems. These systems were chosen according to the following selection criteria. All of them are relatively bright (<10mag), are on the southern sky, all have periods shorter than 10 days, all are multiples (eclipsing binary with a third visual component) and all are also only seldom-investigated systems. Therefore, three stars were chosen: V949 Cen, V358 Pup, and V1055 Sco. In the following subsections we will focus on the individual systems in more detail.
V949 Cen
V949 Cen (also HD 113840, HIP 64025 ) is a variable star of Algol type. Its orbital period is of about 3.8 days, while its brightness in maximum is of about 9 mag in V filter. It was also discovered as a double star by Finsen (1928) , and since then 8 astrometric observations of the visual pair were carried out, see Table  1 . Houk & Cowley (1975) derived its spectral type as G1/G2V. Its parallax is rather uncertain, because the Hipparcos catalogue (van Leeuwen 2007) gave the value of parallax 1.42 ± 1.48 mas.
No radial velocity analysis as well as no light curve analysis were published. On the other hand, from the available astrometric observations a preliminary visual orbit was derived, see Hartkopf & Mason (2011) . Their analysis resulted in orbital period of about 348 yr, but the individual observations rather deviate from the fit and the most recent one is very distant from its predicted position. Hence, we performed an updated orbital fitting, resulting in parameters given in Table 2 . The fit is presented in Fig. 1 and as one can see, it is still very preliminary yet, because the arc of the orbit covered with the observations is still rather limited. However, we have to mention that the solution is not self-consistent due to high value of the total mass from the Kepler's third law (assuming 3 G1V stars, i.e. 3 · 1.15 M ⊙ = 3.45 M ⊙ ). Hence, the explanation is that the period p 3 should be much longer (up to the 39000 yr), or other solution is that its distance is much different (i.e. system closer, parallax higher). The problematic derivation of parallax from the Hipparcos data for the visual binaries was discussed elsewhere (e.g. Söderhjelm 1999), but we cannot believe that the difference is so large. Concerning the photometry of V949 Cen, we collected all available photometry from the Hipparcos (Perryman et al. 1997) and ASAS (Pojmański 2002) data together with our new observations from the FRAM telescopes in BVRI filters. There is clearly seen that the system is a detached one of Algol type, having two rather similar components. The simultaneous analysis of all available photometry was carried out with the PHOEBE code, resulting in light curve parameters given in Table 3 and the light curve fits presented in Figure 2 . As one can see, the value of the third light resulted in a non-negligible contribution, indicating that the third component is probably very similar to the eclipsing ones. This is in good agreement with the magnitude difference as presented in already published papers (e.g. the Hipparcos catalogue presented the magnitude difference about 0.82 mag).
The ASAS, Hipparcos and FRAM photometry were also used to derive the times of minima for V949 Cen. For computing the times of minima a classical Kwee-van Woerden (1956) method was used together with our new AFP method (see Zasche et al. 2014) . However, the twenty minima times plotted in the O − C diagram (see Fig. 3 ) show no period variation and the ephemerides suitable for any future observations are given in Table 3 . Also from this plot it is obvious that the innner orbit of the eclipsing pair is perfectly circular. All of the data points used for the analysis are stored in the online-only Appendix tables. Figure 3: O − C diagram of V949 Cen. Black symbols stand for the primary minima, the blue ones for the secondary minima. The larger the symbol, the higher the weight (higher the precision). 
V358 Pup
V358 Pup (also HD 51994, HIP 33487) is an Algol-type eclipsing binary discovered by the Hipparcos satellite (Perryman et al. 1997) . Its combined spectral type was derived as G5V (Houk 1978) . It is also known as a visual double and only eight observations were obtained since its discovery in 1926. However, no visible motion on the sky is presented, hence its period is probably rather long. The latest observation of the double from 1993 indicates the separation of about 1 ′′ at a position angle of 149 • . The only detailed study of the star is that one by Clausen et al. (2001) . However, their uvby light curves were not analysed, only a brief statement about a large fraction of the third light and several times of minima (showing mildly eccentric orbit) were published.
Our new FRAM light curves were analysed simultaneously with the other available photometry using the PHOEBE code. The results are plotted in Fig. 4 , while the parameters are given in Table 4 . As one can see, the amount of the third light A. A. 33.8 ± 1.6
51.0 ± 0.5
32.9 ± 1.0
17.7 ± 1.1
45.2 ± 0.6 Derived physical quantities:
34.5 ± 0.9
50.0 ± 3.3 is really large, which is in agreement with the published values of the magnitude difference between the two visual components (the third component is only about 0.1 mag fainter than the combined magnitude of the eclipsing pair). For the whole analysis we also used the ESO spectra downloaded from the online ESO archive (altogether there were used nine HARPS spectra for the analysis † ). The original data were reduced using the standard ESO routines. The final radial velocities (hereafter RV) used for the analysis were derived via a manual cross-correlation technique (i.e. the direct and flipped profile of the spectral lines manually shifted on the computer screen to achieve the best match) using program SPEFO (Horn et al. 1996 , Škoda 1996 on several absorbtion lines in the measured spectral region (usually Fe and Ca lines). The derived radial velocities are given in Table 5 . There were also visible some lines from the third body in the spectra, but all these lines show similar radial velocities, of about -2.7 km·s −1 with no indication of change during the observed period (of about 3.6 yr).
As one can see from our plot given in Fig. 5 , the final RV curve is still not perfect (as it is obvious from the residuals). We suppose that this effect can be partly caused by the program PHOEBE itself (and the relative weightening between the photometry and spectroscopy) and partly also due to its rather uncertain eccentricity. From the pure RVs it would indicate that the orbit has lower eccentricity, but from the photometry and the minima times there resulted that the eccentricity should be higher.
As one can see from the final parameters given in Table 4 , the errors of masses † HARPS is a spectrograph mounted on the 3.6-m ESO telescope at the La Silla Observatory. Its spectral range is from 3781 to 6911 A and the resolving power is 115 000. Figure 7 : O − C diagram of V358 Pup, showing very slow apsidal motion. Black symbols stand for the primary minima, the blue ones for the secondary minima, and the larger symbols correspond to the data points with the higher weights.
and radii are very low and one has to doubt about their values. With only a few data points and our poor fit one cannot probably derive a mass with a precision of about 3-4%. Therefore, we would like to point out that the presented solution provided with the PHOEBE program is a formal one, based on the abovementioned assumptions (the inclusion of some future knowledge of these stars can significantly shift our solution). Moreover, also the errors as resulted from the code are purely mathematical ones and usually are strongly underestimated in the PHOEBE program (Prša & Zwitter 2005, or PHOEBE manual ‡ ). Another indication that the presented errors of parameters as given in Table 4 are underestimated is a plot in Fig. 6 . The evolutionary tracks are plotted together with the position of the two eclipsing components as resulted from our analysis (values of temperatures and bolometric magnitudes taken from Table 4 with the error of T 1 equal to error of T 2 ) and the theoretical curves are taken from the EZweb § which is using a well-known MESA code (Paxton et al. 2011) . To conclude, here we deal very probably with two stars still located on the main sequence or its vicinity and the models indicate that the stars have a near solar metallicity.
From the available photometry also the minima times were derived. We collected the most recent FRAM photometry together with the already published minima from the study by Clausen et al. (2001) . Moreover, also the older Hipparcos (Perryman et al. 1997 ) and ASAS (Pojmański 2002) data were used. All of these photometric data yielded 26 minima times, however some of them (especially the ones from the Hipparcos and ASAS data) are of poor quality only. The resulting O − C diagram is plotted in Figure 7 . The ephemerides given in Table 4 refer to the y = 0 line in Fig. 7 . We analysed these data using the apsidal motion hypothesis as described e.g. by Giménez & García-Pelayo (1983) . This led to the finding that the apsidal motion is very slow, having the period of thousands of years and our present analysis is still only very preliminary yet (and as one can see, the errors of apsidal motion parameters are still very large). From our apsidal motion analysis there resulted that the relativistic contribution to the total apsidal motion rate is rather small, being only about 11 %, and the value of log k 2 = −0.165. This value can be compared with the evolutionary tracks as published e.g. by Claret (2004) , resulting in a finding that such a log k 2 value can be achieved with a 1 M ⊙ star with an age of about 2.5 · 10 9 yr.
V1055 Sco
The system V1055 Sco (also HD 148121, HIP 80603) is the only one W UMatype binary in our sample of stars. It has the orbital period of about 0.36 days only and rather shallow amplitude of photometric variation of about 0.25 mag. It was discovered from the Hipparcos data (Perryman et al. 1997 ). On the other hand, Szczygieł et al. (2008) included the star into their compilation of the ASAS eclips- ‡ http://phoebe-project.org/1.0/docs/phoebe _ manual.pdf § http://www.astro.wisc.edu/ ∼ townsend/static.php?ref=ez-web 
13.5 ± 0.2 (B) 12.8 ± 0.5 12.5 ± 0.3 14.3 ± 0.4
37.1 ± 0.2 (B) 37.8 ± 0.5 39.3 ± 0.4
49.4 ± 0.3 (B) 49.4 ± 0.7 48.3 ± 0.6 50.7 ± 0.9
49.7 ± 0.2 (I) Magnitude difference between the two visual components was derived to be from 0.0 to 0.3 mag (slightly different in different pass bands). The light curve solution was a bit more complicated here than for the previous two systems. At first, even the ephemerides were not very certain due to the fact that in our new FRAM photometry both eclipses seem to be of similar depths (i.e. both temperatures probably very similar), but the Hipparcos data show much larger difference between the minima depths. Therefore, we decided to use the deeper We solved the individual light curves of V1055 Sco separately. This is due to the fact that the system undergoes some changes of the orbital period between the different datasets (see below) and for the individual data the different ephemerides were used (fixed from our solution from the O − C diagram below). The other two systems (V949 Cen and V358 Pup) were analysed with the complete photometry simultaneously, because it is much more robust. For the result see Table 6 with the final parameters of our fit. As one can see from the table, the results are rather inconsistent with each other. The detached or contact configuration of the binary did not led to an acceptable result. We applied a classical "q-search method" for deriving the mass ratio of the binary (this can be applied because we deal with a semidetached system with secondary filling its respective Roche lobe). The parameters as derived from some of the data sets are too different from the others (e.g. the temperatures), that one has to doubt about conclusiveness of the results. Generally, one can conclude that the role of primary and secondary is very probably interchanged (due to mass ratio and luminosity), but the more massive component is probably the cooler one. Also rather remarkable is quite high contribution of the third light in the system. We can speculate about the origin of such different results based on different data sets. One possible explanation is that the system is active and the shape of the light curve varies in time. A role of some spots on the surface is also not excluded (slight asymmetry of the curve). What is also remarkable is the fact that the values of inclination seem to be increasing in time, but only a dedicated future observation can prove or rule out this hypothesis.
From the available photometry, we also derived the minima times for a period analysis. Plotting the O − C diagram we found that there is a weak sinusoidal variation. Therefore, we applied a hypothesis of the third body modulating the orbital period of the eclipsing pair, a so-called Light-Time Effect (hereafter LITE), see e.g. Mayer (1990) or Irwin (1959) . The result is given in Table 7 and the final fit is presented in Fig. 9 . The same as for V358 Pup applies here and the ephemerides given in Table 6 represent the linear ephemerides in Fig. 9 can see, the coverage of the orbit is still rather poor, hence we used only a circular orbit as a fit. If we collect more observations in the upcoming years, some more detailed analysis would be possible. The errors of the parameters are so large due to insufficient number of data points, especially close to the maximum in the O − C diagram. Hence, the amplitude as well as the orbital period can only be estimated. We also tried to identify this period variation with the visual component observed via interferometry, but this attempt was not successful at all. Much different periods and eccentricities are needed for both orbits to adequately fit the data. This would indicate that here we probably deal with a quadruple stellar system. Some future observations in upcoming years would help us to identify the period variation with the visual component or to prove its quadruple nature.
Discussion and Conclusions
We performed the first analysis of the light curves for three southern eclipsing binaries containing the third components. However, these distant components have rather long orbital periods, the only exception is V949 Cen, where we presented a preliminary orbital solution of the visual double. All of these systems were observed remotely with the FRAM telescopes located in Argentina and the light curve analysis revealed some interesting results. From the light curve fits we also tried to derive the individual colors for the components and from the photometric indices B − V derive the temperatures. Such values can be compared with the temperatures as resulted from the light curve fits to confirm whether the results are self-consistent. We found that the method is not sensitive enough and its results are influenced by relatively large errors. However, the resulted temperatures agree with the ones from the light curve fits given in Tables 3, 4 , and 6 within 100-150 K.
Probably the most problematic issue of our presented study is the fact that for the whole analysis we assumed the value of primary temperatures for the light curve solution based only on the photometric indices or the published spectral types. However, this can be quite problematic due to the fact that for V358 Pup and V1055 Sco the most luminous components seem to be their tertiaries.
V949 Cen and V358 Pup were found to be well-detached systems, while the system V1055 Sco is probably a semi-detached one. V358 Pup is showing slow apsidal motion of the inner orbit, but its period is very long. For V1055 Sco we presented a preliminary solution for the period variation, which can possibly be confirmed via a dedicated observation via spectroscopy and/or interferometry. 
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